Introduction
Amyloidosis comprises a group of diseases caused by the extracellular deposition of toxic insoluble polymeric fibrillar proteins in tissues and organs, resulting in organ dysfunction [1] . Misfolded proteins aggregate in a characteristic -pleated sheet configuration that allows them to bind to Congo red dye, producing apple green birefringence under polarized light [1] . Light chain amyloidosis (AL) is the most common cause of systemic amyloidoses in North America [1] . Hereditary or familial amyloidoses are autosomal dominant diseases [2] which are caused by an inherited mutation of protein with amyloidogenic potential [1] [2] [3] ; they are a rare form of systemic amyloidoses and have an incidence of <1 per 100,000. Hereditary amyloidoses are difficult to be correctly identified and thus are frequently misdiagnosed and treated inappropriately [4] . Transthyretin (TTR), lysozyme, gelsolin, cystatin C, fibrinogen A , and apolipoproteins A-I or A-II are the commonly described proteins associated with hereditary amyloidoses, of which familial transthyretinassociated amyloidosis (ATTR) is the most common [1, [4] [5] [6] .
Apolipoprotein C-II has been found to have amyloidogenic potential in numerous in vitro studies [7] . Human apolipoprotein C-II is one of the several lipid-binding proteins that can self-aggregate in favorable conditions, forming fibrils that accumulate in tissues to create amyloid deposits [6] . The kidneys are a very common site for amyloid deposition in most forms of systemic amyloidosis because of the favorable extracellular environment for amyloid formation and stabilization [1] . Renal amyloidosis usually manifests as nephrotic range proteinuria and acute kidney injury that progresses to end stage renal disease without treatment [1] .
In general, the diagnosis of amyloidosis requires identification of amyloid in the abdominal fat or affected tissue through biopsy; apple green birefringence on polarized light and randomly arranged fibrillar proteins on electron microscope are characteristic. However, identification of the type of amyloid protein is important for accurate diagnosis and appropriate treatment of the particular type of amyloidosis [8] . Laser microdissection and mass spectrometry (LMD/MS) is one such highly sensitive and specific method [8] . Our case highlights the clinical presentation of apolipoprotein C-II renal amyloidosis as nephrotic syndrome, a diagnostic challenge with potential misdiagnosis as light chain amyloidosis and the importance of LMD/MS technique used to make the definitive diagnosis of apolipoprotein C-II associated amyloidosis.
Case Presentation
A 61-year-old Caucasian female with no past history of renal disease presented to the office with uncontrolled hypertension, averaging 160/90 mmHg, and gradually worsening bilateral leg swelling for one year. Review of systems was positive for morning periorbital edema, dyspnea on exertion, fatigue, and twenty-pound weight loss in six months. She did not have any dietary restrictions and was not using any nonsteroidal anti-inflammatory medications (NSAIDs). She was being managed with multiple antihypertensive drugs over the past year. Her medications included furosemide 20 mg once daily and hydralazine 25 mg three times a day. She was previously on lisinopril, losartan-hydrochlorothiazide, and amlodipine, all of which were eventually discontinued due to adverse effects.
Her past medical history consisted of hypertension for three years, hypothyroidism, depression, anxiety, benign colonic polyps, mitral valve prolapse, and hyperlipidemia. Surgical history included cholecystectomy, tonsillectomy, and adenoidectomy. She had a family history of coronary artery disease, hypertension in her father, and breast and uterine cancer in her sister. She had an 18-pack-year history of smoking but had quit 29 years ago. She would drink only on social occasions and had no history of recreational drug use. In addition to her antihypertensive medications, her other medications included levothyroxine, alprazolam, escitalopram, and atorvastatin.
On physical examination, her blood pressure was 190/100 mmHg. She had bilateral pitting pedal edema. Respiratory, cardiovascular, and abdominal examinations were unremarkable. She had a creatinine of 2.3 mg/dL that was elevated from her baseline creatinine of 1.3 mg/dL one year ago. Complete blood counts, electrolytes, and liver function panel were normal as illustrated in Table 1 . She was noted to have persistent >3+ proteinuria on dipstick for the last 3 years prior to the presentation. At the time of presentation, urinalysis redemonstrated >3+ proteinuria and 2+ blood with red blood cells of 11-24 per high power field. Urine protein-to-creatinine ratio was elevated at 6.3 mg/g (<0.2 mg/g). Albumin was low 3.4 mg/dL (Table 1) . Infectious and autoimmune workup was negative (Table 1) . Chest X-ray showed bilateral pleural effusions. Stress myocardial perfusion imaging revealed normal ventricular wall thickness and normal systolic ejection fraction. Serum protein electrophoresis with immunofixation showed immunoglobulin A (IgA) kappa monoclonal protein present as two bands in the beta globulin region. Free kappa light chain level was 2.45 (0.35-2.49 mg/dL) and free lambda level was 0.93 (0.5-2.71 mg/dL), with ratio elevated at 3.91 (0.27-1.8).
The patient was started on losartan and spironolactone, and the dose of her hydralazine and furosemide was increased. After her blood pressure was controlled, she underwent a renal biopsy one month later. The renal biopsy revealed amorphous, pale eosinophilic, acellular material in the mesangium, tubular wall, and walls of arterioles. The eosinophilic material exhibited apple green birefringence on polarization microscopy after Congo red staining. These findings were consistent with amyloidosis ( Figure 1 ). Electron microscopy showed randomly arranged fibrils in the mesangium with features characteristic of amyloid fibrils (Figure 2 ). Immunofluorescence reactions with antibodies against IgG, IgA, IgM, C1q, and kappa and lambda light chains were negative in the glomeruli. A positive reaction was seen with C3 in the glomeruli. Subsequently, bone marrow biopsy was done which showed 6% plasmacytosis and minimal involvement with amyloidosis. Flow cytometry revealed kappa monotypic plasma cells in the bone marrow. A bone survey was negative for lytic lesions and positron Case Reports in Nephrology emission tomography (PET) scan did not reveal increased uptake to suggest malignancy.
With a presumptive diagnosis of kappa light chain amyloidosis based on the bone marrow biopsy findings and renal amyloid deposition, she was started on combination chemotherapy with cyclophosphamide, bortezomib, and dexamethasone for presumed AL amyloidosis. During this time, evaluation of kidney tissue was done at the Mayo clinic with laser microdissection (LMD) and liquid chromatography mass spectrometry (LCMS) on peptides extracted from Congo red positive dissected areas. LCMS detected high levels of apolipoprotein C-II. Analysis for lambda or kappa light chains, transthyretin, and serum amyloid A was negative. It was concluded that these findings are unequivocally consistent with apolipoprotein C-II amyloid involving the mesangium.
Chemotherapy was stopped after the mass spectrometry results were available; in total, the patient only completed two short courses. Genetic testing was performed by direct sequencing of apolipoprotein C-II and detected a mutation at codon 69 with glutamate to valine substitution due to heterozygous c.206A→T transition in exon 3. This missense mutation was detected in the patient as well as her son, but not her daughter.
Discussion
Amyloid is basically fragments of protein that are misfolded by various mechanisms, lose their normal function, and aggregate to form deposits in the extracellular space [1, [5] [6] [7] [8] [9] . There are more than 20 structurally different polypeptides and proteins known to cause amyloidosis in vivo [10] . The biochemical nature of these proteins in the fibril deposits defines the individual amyloid diseases and determines their diagnosis and treatment [1] [2] [3] [4] [5] [6] [7] [8] . Because hereditary amyloidoses are so rare, they are not usually considered in the differential diagnosis of systemic amyloidoses in absence of family history [4, 5] . However, due to their variable penetrance [4] [5] [6] [7] they can sometimes first manifest sporadically, as is seen in our case.
The kidney is one of the most frequently involved organs in amyloidosis, including apolipoprotein associated hereditary amyloidosis [5] . Renal amyloidosis usually manifests as proteinuria [11] often resulting in nephrotic syndrome. This is associated with hypoalbuminemia, hypercholesterolemia, edema, and anasarca [5] . Nonspecific symptoms such as generalized fatigue and anorexia in the presence of symptoms pertinent to particular organ dysfunction should prompt initial workup [1] . Clinical presentation for hereditary amyloidoses, including apolipoprotein C-II associated disease, is similar to those of patients with AL. Thus, unless the protein is identified and in the absence of family history, these hereditary amyloidoses are initially misdiagnosed as acquired amyloidoses and mistreated similarly with chemotherapy [4] [5] [6] .
Serum protein electrophoresis (SPEP) and urine protein electrophoresis (UPEP) with immunofixation are part of the initial workup but are neither sensitive nor specific for amyloidosis [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . The presence of paraprotein in serum and urine can actually be misleading because subtle gammopathies can be present even in the general population [4] . Our patient also had a small degree of kappa monoclonal gammopathy on serum and kappa monotypic plasma cells in the bone marrow, raising suspicion for AL amyloidosis. Biopsy of the involved organ is usually the initial step for reaching the definite diagnosis of amyloidosis [1] [2] [3] [4] [5] . The next step after the diagnosis of amyloidosis is the identification of the protein type. Because all of the different types of amyloid fibrils appear morphologically similar and cannot be differentiated on light or electron microscopy, additional testing is required [13] . Immunofluorescence or immunohistochemical staining of tissue uses antibodies directed against known amyloidogenic proteins to identify them and are routinely used in the clinical setting [4] . However, the most direct method of identification is mass spectrometry or amino acid sequencing of proteins which are extracted from amyloid deposits [5] . The diagnosis of apolipoprotein C-II associated with renal amyloidosis in our patient was made by laser microdissection (LMD) and liquid chromatography mass spectrometry (LCMS) performed on peptides extracted from Congo red positive dissected areas.
Apolipoprotein C-II is an 8914 Da exchangeable component of VLDL and chylomicrons and acts as a cofactor for lipoprotein lipase and therefore has a role in cholesterol transport [7] . In the presence of polar lipid (phospholipids), it has an helical structure [14] [15] [16] [17] . However, in a lipid-free environment, it adopts a pleated structure and can selfaggregate to form twisted ribbon-like homogenous amyloid fibrils [6, [14] [15] [16] [17] [18] . The mechanism of amyloid fibril formation from apolipoprotein C-II has been studied in vitro in many studies [7, 14, 15, [18] [19] [20] ; it is thought that the fibril formation is due to a gene mutation associated with apolipoprotein C-II [18] .
Based on the initial bone marrow and renal biopsy findings, our patient was initially treated for AL amyloidosis with chemotherapy, which has no role and can be harmful in hereditary amyloidosis in general, including apolipoprotein C-II-associated disease [4] [5] [6] . Correct identification of the amyloid protein as apolipoprotein C-II was imperative in stopping the chemotherapy in the case presented. Since the number of amyloidogenic proteins being identified is increasing, making a correct and definitive diagnosis is difficult [9] . At the time of initial diagnosis of apolipoprotein C-II in this patient, a series of 8 patients with apolipoprotein C-II amyloid deposits in renal biopsy from the Mayo clinic was not published [21] .
LMD/MS is a relatively new technique used for diagnosis and typing of amyloidosis [22] . This technique includes laser microdissection of the glomeruli under microscope to separate the focus of interest from rest of the tissue [23, 24] . This can be performed on paraffin block without any special tissue requirements and even older biopsy specimens can be used [23, 24] . Microdissected fragments are digested into peptides overnight and subsequently analyzed by liquid chromatography electrospray tandem mass spectrometry (MS) [23, 24] . MS raw data files are queried using various algorithms to generate protein profile. The MS data show spectra that match a particular protein based on the amino acid sequence available in the database [23] . Unique peptides and spectra are distinctive to the particular protein [23] . As a list of protein constituents of the amyloid is generated, all known amyloid types can be theoretically identified by this technique [12] . A higher mass spectra value also indicates a higher confidence in the protein identification [23] . LMD/MS has a special role in identification of amyloid protein especially when a definitive diagnosis cannot be reached with immunofluorescence that is common in hereditary amyloidosis [8, 22, 23] . However, this technique is not readily and widely available, leading to a delay in diagnosis [23] .
LMD/MS is an emerging technique that shows great promise for the diagnosis and understanding of kidney diseases including amyloidosis [23] and was crucial in the identification of apolipoprotein C-II causing amyloidosis in our case. Further genetic testing with gene sequencing should also be done to confirm the gene mutation after identification of the amyloid protein [6] .
Conclusion
Apolipoprotein C-II associated familial amyloidosis is a rare form of systemic amyloidosis affecting the kidneys. Early accurate diagnosis of this disease is important to avoid unnecessary cost and side effects associated with inappropriate treatment as well as assess prognosis and provide appropriate genetic counseling. Research studies for these hereditary amyloid proteins are necessary for determining the prevalence of these rare under diagnosed familial systemic amyloidoses. This is very important in the future development of treatment for the now incurable condition. Technologies such as laser microscopy and mass spectrometry have been valuable in the appropriate diagnosis of patients with hereditary amyloidosis and should be routinely used in clinical practice when routine assessment fails to reach an accurate diagnosis.
